ADDITIONAL INDEX WORDS. black spot, cane survival, Earth-Kind Ò , Rosa hybrida, shrub roses, winterhardiness SUMMARY. Landscape roses (Rosa sp.) are popular flowering shrubs. Consumers are less willing or able to maintain landscape beds than in years past and require plants that are not only attractive, but well-adapted to regional climatic conditions, soil types, and disease and pest pressures. Marketing and distribution of rose cultivars occurs on a national level; therefore, it is difficult for U.S. consumers in the U.S. Department of Agriculture (USDA) Plant Hardiness Zones 3 to 5 to identify welladapted, cold-hardy cultivars. Identifying suitable cultivars that have strong genetic resistance to pests and disease and that will tolerate temperature extremes without winter protection in the USDA Plant Hardiness Zones 3 to 5 is of tremendous value to consumers and retailers in northern states. Twenty landscape rose cultivars, primarily developed in north-central North America, were evaluated at five locations in the United States (three in the north-central United States, one in the central United States, and one in the south-central United States) using the lowinput, multiyear Earth-Kind Ò methodology. Six roses had ‡75% plant survival at the end of the study and were in the top 50% of performers for overall mean horticultural rating at each of the three north-central U.S. sites: 'Lena', 'Frontenac', 'Ole', 'Polar Joy', 'Sunrise Sunset', and 'Sven'. Five of these six roses met the same criteria at the central United States (exception 'Lena') and the south-central United States (exception 'Polar Joy') sites. Cultivar, rating time, and their interaction were highly significant, and block effects were not significant for horticultural rating for all single-site analyses of variance. Significant positive correlations were found between sites for flower number, flower diameter, and overall horticultural rating. Significant negative correlations were found between flower number and diameter within each site and also between black spot (Diplocarpon rosae) lesion size from a previous study and overall horticultural rating for three of the five sites. Cane survival ratings were not significantly correlated with overall horticultural rating, suggesting some cultivars can experience severe winter cane dieback, yet recover and perform well. Data from this study benefit multiple stakeholders, including nurseries, landscapers, and consumers, with evidence-based regional cultivar recommendations and breeders desiring to identify regionally adapted parents.
R
oses are the world's most popular garden and cut-flower plant (Waliczek et al., 2015) .
Researchers in the United States and
Canada have undertaken comprehensive consumer preference studies that benefit rose hybridizers as they develop cultivars to meet the needs of consumers and growers (Grygorczyk et al., 2013 ). Today's consumers are less willing or able to spend time maintaining landscape beds than in years past and are also increasingly hesitant to grow pesticide-dependent landscape plants (Harp et al., 2009; Waliczek et al., 2015) . They require plants that are not only attractive, but well-adapted to regional climatic conditions, soil types, and disease and pest pressures. In addition, consumers residing in colder northern climates have expectations that roses marketed as ''cold hardy'' should withstand temperatures at least slightly colder than their plant hardiness zone to help ensure survival (Grygorczyk et al., 2013) . Cultivars developed to combine improved disease resistance, greater climatic adaptability (heat, cold, drought, etc.) , increased tolerance to different soil types, and a wider range of ornamental characteristics have helped make the transition to lower maintenance roses possible.
Shrub roses (term for a specific horticultural class of roses and also commonly used interchangeably in the marketplace as landscape roses) have the connotation of being lower maintenance plants than other horticultural classifications of roses (e.g., hybrid tea and miniature roses) and are meant for outdoor planting. Lower maintenance landscape or shrub roses have steadily increased in popularity in recent decades. Their sales in the United States represented about 20% of rose plants sold in the 1980s, about 50% in 2013, and is projected to be 60% of total U.S. rose sales meant for outdoor planting by 2018 (Pemberton and Karlik, 2015) .
Advertisers routinely use the terms ''disease resistant'' and ''hardy'' when marketing roses to consumers and commonly distribute the same landscape rose cultivars nationally across diverse geographic regions, soil types, and climates. Advertising claims are sometimes unclear as to which diseases a cultivar is resistant, the relative degree of resistance, or exactly what is meant by the term ''hardy'' (e.g., cold hardy, heat tolerant, or drought tolerant).
Most of the landscape rose cultivars available today are not reliably winter hardy in the USDA Plant Hardiness Zones 3 and 4 (U.S. Department of Agriculture, 2012; Zuzek et al., 2016) . In regions with cold winter temperatures, the coldest USDA plant hardiness zone for a cultivar is an important factor guiding purchasing decisions of astute customers (Grygorczyk et al., 2013) . Typically, the coldest recommended rating means the rose is likely to survive in that designated zone, but may require additional insulation (winter protection) to prevent extensive cane dieback or death.
Variety Trials
The necessity to provide winter protection conflicts with consumer demands for low maintenance landscapes. With most nationally marketed shrub roses designated in catalogs and plant tags as hardy to USDA Plant Hardiness Zone 5, identifying suitable cultivars that have strong genetic resistance to pests and disease and that will tolerate temperature extremes without winter protection in USDA Plant Hardiness Zones 3 to 5 is of tremendous value to consumers and retailers in northern states.
The Texas A&M Earth-Kind Ò Environmental Landscape Management Program has been conducting rose trials under low-input conditions since the 1990s. Trials are conducted over multiple years and locations and use well-defined, low-input protocols (Harp et al., 2009; Mackay et al., 2008; Zlesak et al., 2015) . Cultivars with consistently high performance across regional sites earn the designation of being an Earth-Kind Ò rose for the particular region.
With basic plant care, consumers are very likely to be successful with Earth-Kind Ò cultivars because they have been selected based on years of data supporting their regional adaptation. Earth-Kind Ò rose trialing efforts are ongoing with new trials being initiated as promising cultivars enter the marketplace. Earth-Kind Ò rose trials have expanded outside of Texas and the greater south-central region of the United States. Horticulturists in other regions have been encouraged to partner with the EarthKind Ò program using the wellestablished Earth-Kind Ò trialing protocols developed in Texas and modify them, as necessary, based on unique regional conditions (Harp et al., 2009; Zlesak et al., 2015) .
The objective of this study was to evaluate a collection of landscape rose cultivars with preliminary or anecdotal evidence for having desirable ornamental characteristics under minimal input conditions in the north-central United States (USDA Plant Hardiness Zones 3 to 5), central United States, and south-central United States using low-input EarthKind Ò rose trialing methodology.
Materials and methods

Plant materials
Twenty rose cultivars were selected for field evaluation based on recommendations by landscapers, nursery and public garden professionals, and American Rose Society members in the north-central United States (Table 1) All roses were propagated from stem cuttings and not grafted (''own root'') to avoid graft incompatibilities and unpredictable rootstock and scion interactions (Richer et al., 2005) . The roses were obtained as 2-year-old dormant plants and came from multiple nurseries.
Trial sites
Cultivars were evaluated at five sites in the United States representing USDA Plant Hardiness Zones 4a in the extreme north to Zone 8a at the southernmost location. Zlesak et al. (2010) . u Mean black spot lesion length in controlled innoculations with race three of Diplocarpon rosae (Zlesak et al., 2010) . Brite Eyes and Yellow Submarine were not susceptible to this race and Polar Joy, although susceptible, could not be measured because of accelerated leaf deterioration; 1 mm = 0.0394 inch.
[Commerce, TX (Zone 8a)]. By trialing in north-central United States, central United States, and southcentral United States climates, it is possible to expand our understanding of the potential range of cultivar adaptation.
Bed preparation and care
Roses were planted and cared for using Earth-Kind Ò trialing protocols (Harp et al., 2009; Zlesak et al., 2015) . Glyphosate was sprayed at recommended rates to clear beds of perennial weeds before planting. Soil tests were taken to document soil conditions at the time of planting. A 3 to 4-inch layer of finished local compost was incorporated into beds 8-10 inches deep preplant, and a 2.5 to 4.0-inch layer of organic mulch (typically donated wood chips from local arborists) was maintained on the beds throughout the study. Initial compost and the decomposition of organic mulch provided ongoing nutrition throughout the study, and no supplemental fertilizer was used. No fungicides, insecticides, or other pesticides were sprayed on the plants to document and compare cultivars for tolerance to regional pests and diseases. All planting beds received at least 8 h of full sun per day during the growing season. No supplemental winter protection or insulation, other than the already existing mulch and natural snow, was provided to the plants throughout the study.
The experimental design was a randomized complete block design with four blocks and one plant per cultivar per block. Spacing between plants was 6 ft at all sites except 8 ft at the Commerce, TX site because of the longer growing season and larger anticipated plant size. Plants were irrigated as needed during the first growing season to ensure 1 inch of total precipitation per week from both natural rainfall and irrigation. Plants were not given supplemental irrigation in the second year through the end of the study.
Data collection
Data collection began during the second growing season at four of the trial sites and during the third growing season at the Moorhead, MN site. Delaying data collection until the second (or third) growing season allowed for plants to become established and for dissipation of residual pesticides and fertilizers that may have been applied at nurseries before plants were received at the research sites.
Data were collected monthly on a per-plant basis during the growing season while plants were blooming. A horticultural rating was determined using a criterion-referenced scale from 1 (weak performance) to 10 (strong performance) with three indices (flower quantity and quality, foliage quantity and quality, and plant habit and vigor) as described by Mackay et al. (2008) . Monthly flower number and average flower diameter (mean of up to three typical flowers) were also recorded. Plant height (height of tallest cane) and width (average of two perpendicular measurements) were recorded at the end of the study in the northcentral U.S. locations. Winterhardiness of the cultivars was evaluated each spring at the north-central U.S. and central U.S. trial sites by using a 1 to 10 scale for cane survival (e.g., 1 = plant is alive with up to 10% cane survival above the soil, 5 = 41% to 50% cane survival, and 10 = 91% to 100% cane survival).
North-central U.S. trial sites
A MOORHEAD, MN (USDA PLANT HARDINESS ZONE 4A). Dormant roses were directly planted during mid-Spring 2008. The soil was a Bearden silty clay loam (fine-silty, mixed, superactive, frigid, and Aeric Calciaquolls; pH = 7.9). Because of being directly planted as dormant plants, slower plant establishment from the shorter growing season, and a loss of plants (<10%) and subsequent replacement, roses were allowed to grow 2 years before data collection began. At the end of 2 years, plants were comparably established to plants growing at the warmer sites. Monthly data collection occurred from June to Sept. 2010 to 2012.
ROSEMOUNT, MN (USDA PLANT HARDINESS ZONE 4B). Roses were potted in standard No. 2 nursery containers and were initially grown outdoors on a gravel bed beginning in mid-Mar. 2007 because of planting beds not being ready at that time. In June 2007 (about 10 weeks later), the roses were well rooted in the containers and transplanted to the field site. The soil was a Waukegan silt loam (fine-silty over sandy or sandyskeletal, mixed, superactive, mesic, and Typic Hapludolls; pH = 6.3). Monthly data collection occurred from June to Sept. 2008 to 2011. Plants were maintained for five growing seasons at this site, and data were recorded over four growing seasons, 1 year more than was possible at the other north-central U.S. sites. COMMERCE, TX (USDA PLANT HARDINESS ZONE 8A). Bare-root roses were received in Mar. 2008, which is beyond the recommended planting date for bare-root roses in TX. Therefore, plants were potted into standard No. 2 nursery containers and maintained in a shaded greenhouse in Commerce, TX, until Fall 2008 when they were planted in the field. Soil at the site was a Crockett silt loam (fine, smectitic, thermic, and Udertic Paleustalf; pH = 7.0). Monthly data collection occurred from July to Nov. 2009, from Apr. to Nov. 2010, and from Apr. to Aug. 2011. Data collection ended in Aug. 2011 due to extreme heat (temperatures consistently above 100°F on a daily basis) and exceptional drought (pan evaporation >70 mm/week) forcing plants to go into premature dormancy. To report yearly means that are complete for this site and to take into account the challenges imposed by the extreme drought, data from July 2009 to June 2010 and from July 2010 to June 2011 was used for reporting and analyses and comprised two official calendar years' worth of data.
Statistical analysis
Means and standard errors were calculated for the data. A univariate analysis of variance (ANOVA) was performed for each site as well as the northcentral U.S. trial sites, collectively, for horticultural rating. Tukey's honest significant difference test [HSD (P £ 0.05)] was used for mean separations. Independent variables in the model were cultivar and rating time (each sequential monthly rating), and the block was a random variable. For the combined north-central U.S. trial analysis, the fourth year of field data from Rosemount, MN, was excluded so that all sites had 3 years of field data analyzed, and trial site was an independent variable. Pearson's correlation was used to explore associations between data collected for traits within and across sites. Statistical analyses were performed using IBM SPSS Statistics for Windows (version 23.0; IBM, Armonk, NY).
Results
The minimum winter temperature varied from year to year at each site and typically occurred during the month of January (Table 2) . Moorhead, MN, had the greatest range in minimum winter temperatures between trial years (16.0°F
) and Haysville, KS, the least (6.1°F). Corresponding USDA Plant Hardiness Zone based on actual yearly minimum temperatures experienced at each location are also presented by year.
The Ames, IA site had winters with actual temperatures a half zone and one full zone colder and one winter a half zone warmer than the site's official zone designation ( Table  2 ). The Moorhead, MN site had actual winter temperatures 1 year within the site's official zone designation, one a half zone colder and one a full zone warmer. The Rosemount, MN site had actual winter temperatures within the site's official zone designation, two winters and one winter a half zone warmer and another winter a half zone colder. The Haysville, KS, and Commerce, TX sites had actual winter temperatures within the site's official zone designation one winter and warmer the remaining winters.
Plant survival, monthly horticultural rating, monthly flower number, flower diameter, spring cane survival, and mature plant size are reported by cultivar by site (Tables 3-7) . Spring cane survival ratings were not made at the south-central research site (Commerce, TX) as minimum winter temperatures in that region did not result in winter-kill of plant tissue. The minimum winter temperature before the start of each growing season in January at each site (Table 2 ) and the mean cane survival rating averaged across surviving cultivars (assessed a few months later as the growing season commenced and dead tissue was evident; Tables 3-6) were significantly and positively correlated (r = 0.829, P = 0.001).
Most cultivars had 100% survival at all sites (Tables 3-7) . Three roses ('Brite Eyes', 'Prairie Joy', and 'Yellow Submarine') had one or no surviving plants by the end of the trial at Haysville, KS; Moorhead, MN; or Rosemount, MN. At those respective sites these cultivars were not included in the site specific ANOVAs, or if a northcentral U.S. site, the cultivar was not included in the combined ANOVA for the three north-central U.S. sites.
For monthly horticultural rating, highly significant differences were found at all sites for cultivar (P £ 0.001), rating time (P £ 0.001), and the cultivar · rating time interaction (P £ 0.001). The block effect at each site was not significant (P > 0.05). Horticultural rating by month over years at the different sites is presented in a series of graphs to highlight changes in horticultural rating throughout the growing season by cultivar (Supplemental Fig. 1 ).
In the combined ANOVA for the three north-central U.S. sites (horticultural rating as the dependent variable), there were highly significant differences among sites (P < 0.001) with each site significantly different from the other. Moorhead, MN, had the highest overall rating (6.9); Ames, IA, was in the middle (5.8); and Rosemount, MN, had the lowest overall rating (5.3) (Tables 3-5). The cultivar · northern location interaction was also highly significant (P < 0.001).
Comparing the average horticultural rating monthly means for north-central U.S. sites, the ratings for most roses were comparable in June, but then scores tended to decline as the season progressed, except for the Moorhead, MN site which had more consistent ratings throughout the season (Supplemental Fig. 1 ).
Strong positive correlations for cultivar horticultural rating were generally found within sites between evaluation years (Table 8) . Moorhead, Horticultural rating was determined using a criterion-referenced scale from 1 (weak performance) to 10 (strong performance) with three indices (flower quantity and quality, foliage quantity and quality, and plant habit and vigor) as described by Mackay et al. (2008) . Ratings were recorded monthly throughout the growing season.
x Average number of flowers on day of monthly evaluation. w 1 inch = 2.54 cm. v 1 = plant is alive with up to 10% cane survival above the soil, 5 = 41% to 50% cane survival, 10 = 91% to 100% cane survival.
u Roses within column with averages followed by the same letters are not significantly different (P = 0.05) using Tukey's HSD.
• October 2017 27(5) Horticultural rating was determined using a criterion-referenced scale from 1 (weak performance) to 10 (strong performance) with three indices (flower quantity and quality, foliage quantity and quality, and plant habit and vigor) as described by Mackay et al. (2008) . Ratings were recorded monthly throughout the growing season.
x Average number of flowers on day of monthly evaluation. w 1 inch = 2.54 cm.
v 1 = plant is alive with up to 10% cane survival above the soil, 5 = 41% to 50% cane survival, 10 = 91% to 100% cane survival.
Roses with less than 50% plant survival at the end of the study were not included in the analysis of variance.
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• October 2017 27(5) George Vancouver 4.3 h 4.4 ± 0.5 4.9 ± 0.4 3.9 ± 0.5 4.1 ± 0.5 100 6.7 ± 1.3 2.3 ± 0.0 5.3 bc 5.3 ± 0.6 5.0 ± 1.0 3.5 ± 0.3 7.3 ± 0.3 22.0 ± 2.7 36.8 ± 2.9
John Cabot 4.4 gh 4.8 ± 0.5 5.2 ± 0.5 4.1 ± 0.6 3.6 ± 0.7 100 10.8 ± 2.7 2.6 ± 0.1 5.6 b 8.0 ± 0.0 6.0 ± 0.7 3.0 ± 0.0 5.3 ± 1.0 38.3 ± 5.9 40.3 ± 8.3
John Davis 4.8 ef 4.6 ± 0.6 5.4 ± 0.5 4.5 ± 0.6 4.8 ± 0.7 100 37.8 ± 9.5 2.9 ± 0.0 8.1 a 9.0 ± 0.0 7.5 ± 0.5 7.5 ± 0.3 8.3 ± 0.3 49.3 ± 2.3 70.3 ± 3.1 Lena (BAIlena) 6.6 a 7.3 ± 0.2 6.9 ± 0.3 6.1 ± 0.5 6.1 ± 0.6 100 94.4 ± 13.0 1.2 ± 0.0 2.5 d 2.0 ± 1.0 2.3 ± 0.3 3.0 ± 0.0 2.8 ± 0.5 25.5 ± 3.4 37.3 ± 8.5
Morden Blush 4.7 fg 4.9 ± 0.5 5.1 ± 0.5 4.4 ± 0.6 4.4 ± 0.5 100 7.0 ± 1.1 2.7 ± 0.0 3.2 d 3.8 ± 0.3 1.3 ± 0.3 2.8 ± 0.3 5.0 ± 0.7 25.5 ± 1.8 29.0 ± 1.5
Ole (BAIole) 6.4 a 6.7 ± 0.3 6.9 ± 0.4 5.9 ± 0.6 6.1 ± 0.6 100 90.9 ± 10.5 1.6 ± 0.0 3.0 d 3.3 ± 0.3 3.5 ± 0.6 3.0 ± 0.6 2.4 ± 0.2 31.3 ± 1.8 37.3 ± 2.5 Polar Joy (BAIore) 5.8 b 5.9 ± 0.2 6.3 ± 0.4 5.8 ± 0.5 5.3 ± 0.6 100 117.1 ± 16.5 2.0 ± 0.0 5.6 b 3.5 ± 1.5 7.5 ± 0.3 3.5 ± 0.3 7.8 ± 0.3 74.8 ± 2.1 87.0 ± 6.9
Prairie Joy 5.6 bc 5.8 ± 0.1 6.0 ± 0.3 4.9 ± 0.5 5.8 ± 0.4 100 10.5 ± 2.7 2.7 ± 0.0 3.9 cd 2.5 ± 0.5 4.8 ± 1. 4.4 ± 0.3 3.9 ± 0.3 3.9 ± 0.2 4.9 ± 0.3 40.1 ± 2.0 53.6 ± 2.5 z Cultivar name or trademark followed by cultivar name in parentheses.
y Horticultural rating was determined using a criterion-referenced scale from 1 (weak performance) to 10 (strong performance) with three indices (flower quantity and quality, foliage quantity and quality, and plant habit and vigor) as described by Mackay et al. (2008) . Ratings were recorded monthly throughout the growing season.
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• October 2017 27 (5) MN, is the only site where some yearly comparisons were not significantly correlated. There were also significant positive correlations for overall horticultural rating between most sites (Table 9) . Between sites there were highly significant positive correlations (r ‡ 0.803, P < 0.001) for all pairwise comparisons for flower number and flower diameter (Table 10 ). Significant correlations were found between overall cultivar means for certain traits within sites (Table 11 ). There were significant negative correlations between flower number and flower diameter and significant positive correlations between flower number and horticultural rating at all sites. Plant height and width were significantly and positively correlated at all north-central U.S. sites along with plant height or width and cane survival ratings at some of the north-central U.S. sites. Correlations between overall mean spring cane survival ratings and overall horticultural ratings were not significant at any site. Black spot (race 3) lesion length data from detached leaf assays (Zlesak et al., 2010) were significantly and negatively correlated with overall horticultural rating at Ames, IA; Commerce, TX; and Rosemount, MN.
The weighted means (cultivar means weighted equally by location to account for slight differences in plant survival at the different sites) and mean separation are presented in Table 12 for the combined three north-central U.S. trial sites for horticultural rating and cane survival. There were six roses that had ‡75% plant survival at the end of the study and were in the top 50% of performers for Horticultural rating was determined using a criterion-referenced scale from 1 (weak performance) to 10 (strong performance) with three indices (flower quantity and quality, foliage quantity and quality, and plant habit and vigor) as described by Mackay et al. (2008) . Ratings were recorded monthly throughout the growing season. overall mean horticultural rating at all three sites (Tables 3-5 ). They were: 'Lena', 'Frontenac', 'Ole', 'Polar Joy', 'Sunrise Sunset', and 'Sven'. Of the six roses, 'Frontenac', 'Ole', 'Polar Joy', 'Sunrise Sunset', and 'Sven' also met the same criteria at Haysville, KS, and 'Lena', 'Frontenac', 'Ole', 'Sunrise Sunset', and 'Sven' met the same criteria at Commerce, TX. This suggests that there are rose cultivars that can experience moderate to severe dieback and then recover vigorously to flower and perform well.
Discussion
Low-input, multiyear, multilocation trials that represent different regional growing conditions provide valuable information on which to base cultivar recommendations important to a wide range of stakeholder groups (e.g., breeders, production nurseries, landscapers, retail garden centers, and homeowners). This is especially true for woody species, such as roses, that mature over multiple seasons. Over seasons, not only do climatic factors such as temperature and moisture vary, but disease and pest pressures can also change over time. Such variations in abiotic and biotic stressors can magnify performance differences among cultivars as plants age and support the benefit of multiyear trials.
Death of rose plants from winterkill and unsightly defoliation from diseases and pests have been major challenges in the north-central United States with many of the nationally distributed landscape rose cultivars. Fortunately, there is a wide range of cold hardiness, plant health, and overall performance available among landscape rose cultivars as documented in this and other landscape rose field studies (Carlson-Nilsson and Davidson, 2009). The more broadly the results from regional plant performance trials are communicated to stakeholders, the more stakeholders can benefit by being pointed to those cultivars with documented strong regional performance.
'Brite Eyes' and 'Yellow Submarine' had the most winterkill at the north-central U.S. sites (they had <50% plant survival by the end of the study at the two coldest sites). These roses were relatively new to the market when the study began and were included because preliminary reports were positive. These roses are marketed as hardy to Zone 5 and our data supports that they should not be recommended in Zones 3 and 4 without winter protection (insulation).
Most of the roses in the trial were developed within or near the northcentral region of the United States. Strong spring vigor compensating for winter cane loss has been a trait that Correlation could not be performed due to data for at least one trait not collected at the location. NS, *, **, *** Nonsignificant and significant at P = 0.05, 0.01, and 0.001, respectively. some cold climate breeders have purposely prioritized (K. Zuzek, personal communication) . Selection for fast regrowth after severe winter dieback may contribute to the lack of significant correlation between spring cane survival and horticultural ratings. Nevertheless, roses need enough winterhardiness to routinely and adequately survive winter and still have enough tissue left to recover.
Fungal diseases can damage foliage and other plant organs and compromise overall plant performance. In locations where conditions are conducive to the development of black spot, this disease is often the most problematic fungal disease of roses because it can proliferate quickly and lead to repeated defoliation events (Dobbs, 1984) . Besides black spot, the leaf spot diseases anthracnose (Sphaceloma rosarium) and cercospora (Cercospora rosicola) are major defoliating diseases in roses (Horst and Cloyd, 2007) . Leaf spot symptoms were noticeably present at some time at all the trial sites. In this study, reasons for defoliation and decreased foliage quality were not recorded because when there is missing foliage due to multiple factors, it is difficult to accurately attribute the relative contribution of each factor.
In a complementary study, all 20 roses were individually challenged with three isolates of black spot representing three different races (Zlesak et al., 2010) . To rank genotypes for relative field or horizontal resistance, it is important to make comparisons between susceptible genotypes using a common isolate of a race at a common inoculation time because aggressiveness among isolates can vary and aggressiveness can also vary over time. Fortunately, black spot susceptible roses have a similar rank for lesion diameter across different isolates and races (Zlesak et al., 2010) . Most of the 20 roses (n = 18) were susceptible to isolate GVH (Race 3) with 17 of them providing useful lesion diameter data. Therefore, lesion diameter data for isolate GVH was used for correlations. There were significant negative correlations between lesion diameter and overall horticultural rating at three of the five sites [Ames, IA; Commerce, TX; and Rosemount, MN (Table 11) ]. As black spot susceptibility increased (larger lesion diameter), overall horticultural rating decreased. Two north-central U.S. sites (Ames, IA and Rosemount, MN) had significant negative correlations between laboratory black spot lesion size and field horticultural rating. These sites routinely have more precipitation than the third northcentral U.S. site [Moorhead, MN (Your Weather Service, 2017) ]. The Ames, IA and Rosemount, MN sites also tended to have monthly horticultural ratings that dropped sharply as the season progressed due to primarily increased defoliation from foliar diseases, unlike the Moorhead, MN site where horticultural ratings remained higher and more consistent throughout the growing season (Supplemental Fig. 1 ). The correlation between black spot lesion length and horticultural rating was also significant at Commerce, TX, but not at Haysville, KS. For these longer growing season locations, Commerce, TX, routinely has more precipitation and less wind than Haysville, KS, which may have contributed to greater disease pressure at Commerce, TX (Your Weather Service, 2017).
Highly significant negative correlations were found between flower number and flower diameter at all trial sites (Table 11) . Competition for resource allocation is the likely explanation with cultivars producing larger flowers not producing as many. In addition, significant positive correlations were found at all sites for flower number and horticultural rating. Because horticultural rating is partly calculated by flower quantity and quality, more flowers should increase the horticultural rating. Although overall average flower number per plant per evaluation had a wide range across sites [10.1 to 146.1 (Tables 3-7) ], there were highly significant (P < 0.001) positive correlations for flower number between all sites (Table 10 ). The extremes were Haysville, KS, with the greatest average number of flowers per evaluation [146.1 (Table 6)] and Commerce, TX, with the fewest [10.1 (Table 7) ]. The three north-central sites ranged from 34.1 to 45.5 flowers per plant per evaluation (Tables 3-5) . Factors such as defoliation from disease pressure, the warmest summer temperatures, and the very long growing season with slowed growth during the warm summer months in Horticultural rating was determined using a criterion-referenced scale from 1 (weak performance) to 10 (strong performance) with three indices (flower quantity and quality, foliage quantity and quality, and plant habit and vigor) as described by Mackay et al. (2008) . Ratings were recorded monthly throughout the growing season.
x 1 = plant is alive with up to 10% cane survival above the soil, 5 = 41% to 50% cane survival, 10 = 91% to 100% cane survival.
w Roses within columns with averages followed by the same letters are not significantly different (P = 0.05) using Tukey's HSD. The means presented are weighted by location to account for differences in numbers of plants across locations due to mortality. The roses presented have ‡50% at the end of the study at all locations.
Commerce, TX, may have suppressed overall number of flowers per evaluation. Haysville, KS, may have had the overall greatest number of flowers per evaluation because of strong cane survival going into the growing season (compared with the north-central sites), generally sustained flowering levels throughout the season (Supplemental Fig. 1) , and more moderate summer temperatures than Commerce, TX.
Significant and positive correlations at some sites between plant size and cane survival ratings may reflect, in part, that greater cane survival can lead to retained stem tissue in subsequent years helping to allow a larger mature plant size. In addition, there were stronger correlations (although not all significant) at all three north-central U.S. sites between plant width and cane survival than plant height and cane survival. This may be because wider plants are more likely to have lower, diagonally growing canes that are periodically covered with drifted snow during the winter, thereby insulating the canes. Depth and movement of snow around individual plants is quite variable during winter months and was not documented.
The extreme heat and drought during the bulk of the Summer 2011 in Commerce, TX, were abnormal. Temperatures exceeded 100°F (37.8°C) for 65 d, and pan evaporation rates exceeded 70 mm/week. Although these conditions posed challenges to plant performance during the growing season and led to premature termination of data collection for this trial in Aug. 2011, they provided a new opportunity. At the close of the 2011 season, roses demonstrating different degrees of drought stress were dug and their root systems analyzed (Harp et al., 2015) . Strong positive correlations were found between horticultural rating and root dry weight. In addition, root fibrosity and drought stress tolerance were positively correlated with root mass.
Multiyear and multilocation trials are critical to the identification of regionally adapted cultivars, especially when plants are grown under low-input conditions and exposed to the typical range of climatic conditions and pests (Carlson-Nilsson and Davidson, 2009; Harp et al., 2009; Zlesak et al., 2015) . During multiyear, in-ground landscape rose trials there is time for larger growing cultivars to reach their mature size, fungal diseases to establish in the plots, and the cumulative effects of winter injury and disease to be observed on the performance of cultivars. Ongoing regional, multiyear landscape rose trials should continue to be established to support the horticulture community as new cultivars are introduced to continue to build and communicate regional data sets.
Finding six roses that were consistently strong performers across the three north-central U.S. trial sites [top 50% of performers for horticultural rating at each site and ‡75% plant survival ('Lena', 'Frontenac', 'Ole', 'Polar Joy', 'Sunrise Sunset', and 'Sven')] provides solid evidence to merit their recommendation in low maintenance landscapes in the northcentral region. Many of these roses also performed well at the central U.S. and south-central U.S. sites and data from those sites justifies continued trialing of the best performing roses at additional sites in these regions. Data across all five sites also provide interested stakeholders (breeders, marketers, nurseries, and landscapers, etc.) with preliminary information on cultivars that have a relatively broad range of climatic adaptation.
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Supplemental Fig. 1 . Mean monthly horticultural ratings (±SE) over multiple years for 20 landscape roses over the growing season at five different trial locations. Horticultural rating was determined using a criterion-referenced scale from 1 (weak performance) to 10 (strong performance) with three indices (flower quantity and quality, foliage quantity and quality, and plant habit and vigor) as described by Mackay et al. (2008) .
